Testicular germ cell tumours (TGCT) typically contain high numbers of infiltrating immune cells, yet the functional nature and consequences of interactions between GCNIS (germ cell neoplasia in situ) or seminoma cells and immune cells remain unknown. A co-culture model using the seminoma-derived TCam-2 cell line and peripheral blood mononuclear cells (PBMC, n = 7 healthy donors) was established to investigate how tumour and immune cells each contribute to the cytokine microenvironment associated with TGCT. Three different co-culture approaches were employed: direct contact during culture to simulate in situ cellular interactions occurring within seminomas (n = 9); indirect contact using well inserts to mimic GCNIS, in which a basement membrane separates the neoplastic germ cells and immune cells (n = 3); and PBMC stimulation prior to direct contact during culture to overcome the potential lack of immune cell activation (n = 3). Transcript levels for key cytokines in PBMC and TCam-2 cell fractions were determined using RT-qPCR. TCam-2 cell fractions showed an immediate increase (within 24 h) in several cytokine mRNAs after direct contact with PBMC, whereas immune cell fractions did not. The high levels of interleukin-6 (IL6) mRNA and protein associated with TCam-2 cells implicate this cytokine as important to seminoma physiology. Use of PBMCs from different donors revealed a robust, repeatable pattern of changes in TCam-2 and PBMC cytokine mRNAs, independent of potential inter-donor variation in immune cell responsiveness. This in vitro model recapitulated previous data from clinical TGCT biopsies, revealing similar cytokine expression profiles and indicating its suitability for exploring the in vivo circumstances of TGCT. Despite the limitations of using a cell line to mimic in vivo events, these results indicate how neoplastic germ cells can directly shape the surrounding tumour microenvironment, including by influencing local immune responses. IL6 production by seminoma cells may be a practical target for early diagnosis and/or treatment of TGCT.
INTRODUCTION
A tumour will typically contain a mixture of different cell types that may include cancer-associated fibroblasts, smooth muscle cells, endothelial cells and tumour-infiltrating lymphocytes (TIL). These cells are immersed in a dynamic mix of cytokines which changes as the tumour develops (Swartz et al., 2012; Tsai et al., 2014) collectively representing the tumour microenvironment (TME) (Whiteside, 2008; Kami nska et al., 2015) . Cancer-associated immunological responses are determined by the TME and also contribute to the consequences of the neoplasia, hence their influence on cancer therapy outcomes is substantial (Li et al., 2007; Mantovani et al., 2008; Colotta et al., 2009) . The presence or absence of certain TIL and/or cytokines has been associated with good or poor prognoses, respectively, depending on the type of cancer under investigation (Zhang et al., 2003; Galon et al., 2006; Jochems & Schlom, 2011; Huang et al., 2015) . For example, dysregulated immune responses within the TME associated with increased pro-inflammatory cytokine levels are considered to favour cancer progression and invasion (Tsai et al., 2014) . This new awareness of how the TME is connected to immune system function has inspired the search to develop immunotherapeutic approaches as adjunct cancer treatments (Luo et al., 2009; Balkwill et al., 2012; Settleman, 2012; Berti et al., 2013; Ando et al., 2014) .
Testicular germ cell tumours (TGCT) can be characterized as immunological tumours, with large numbers of infiltrating lymphocytes commonly detected during routine pathological evaluation of biopsy samples from testis cancer patients. Classification of immune cell subtypes present in TGCT by several investigators has yielded both concordant and contradictory interpretations (Bell et al., 1987; Nakanoma et al., 1992; Wei et al., 1992; Bols et al., 2000; Hvarness et al., 2013; Klein et al., 2016) . Importantly, the role and immunological activity of these cells remain largely unknown. In other neoplastic tissues, such as breast cancer, the critical role of TME infiltrating immune cells is established, and the nature of cancer-associated immune infiltrates (i.e. inflammation pathology) is assessed during pathological analysis of biopsy samples (Dushyanthen et al., 2015) . In colorectal cancer management, an immunoscore is now being evaluated for its potential as an immune system-based biomarker for patients' prognoses (Gajewski et al., 2013) .
We recently showed that the TME of TGCT features a highly pro-inflammatory cytokine milieu compared to other testicular pathologies (Klein et al., 2016) . But many questions shown to be important for other tumour streams remain unanswered regarding the testis TME and the role of cytokines. Which cells contribute to TME formation, and how does their identity and function change as the disease progresses? What are the initiating events, and do they relate to an inflammatory reaction within the testis? Understandably, defining the chronology and relationships leading to establishment of a cancer-associated immunological environment on a cellular (i.e. immune cell infiltration) and molecular (i.e. cytokine) level within a complex tumour sample is difficult. Moreover, repetitive sampling of TGCT patients is ethically inappropriate. Resolution is further hampered by the absence of an animal model that could be used to mimic the chronology of testis cancer-associated immune environments. Therefore, to build an understanding of the functional relationship between germ cell tumours and immune cells, we established an in vitro approach that employs cultured human cells which correspond to the essential elements of this interaction.
To partly mimic the TME of TGCT, we co-cultured a human seminoma-derived, that is, seminoma-like cell line, TCam-2 (Mizuno et al., 1993) , which has many features characteristic of TGCT (De Jong et al., 2008) , with human peripheral blood mononuclear cells (PBMC). A sequence of different co-culture approaches for mimicking circumstances of both GCNIS as well as overt seminoma was employed to address two main questions: firstly, do cancer cells and immune cells respond to their co-localization, and what type of communication is being used? And secondly, what are the individual contributions of immune cells and/or testicular cancer cells to establishment of the cytokine milieu in this model?
MATERIALS AND METHODS

Cell co-cultures
The TCam-2 human seminoma-derived cell line, originally provided by S. Kitazawa, Japan (De Jong et al., 2008; Young et al., 2011) , was maintained in exponential, subconfluent growth at 37°C with 5% CO 2 in air, using RPMI1640 medium (Gibco, Auckland, New Zealand) containing penicillin/streptomycin (Gibco) and 10% foetal calf serum (FCS; Quantum Scientific, New South Wales, VIC, Australia). PBMC, that is, whole buffy packs, consisting of both lymphocytes and monocytes, were obtained as cryopreserved normal donor samples prepared from EDTA blood and Ficoll extraction, held by the Immunomonitoring Facility at Burnet Institute, Melbourne, Australia (n = 7 healthy donors).
TCam-2 cells were seeded at a density of 1. (Alshaker & Matalka, 2011) was addressed in further experiments in which direct cell-to-cell co-cultures were performed using PBMC that were previously stimulated with the mitogen phytohemagglutinin (PHA). Accordingly, PBMC were exposed to 5 lg/mL phytohemagglutinin L (PHA-L; Sigma-Aldrich, Castle Hill, QLD, Australia) for 16 h and subsequently washed once with a 10-fold excess of full-growth medium prior to addition to TCam-2 cultures.
Cultures were incubated at 37°C with 5% CO 2 in air for 24 h. This duration was selected to allow detection of any rapid changes in phenotype and cytokine release that might be triggered by cell-cell interaction. Subsequently, PBMC in co-culture and control sample wells were collected by gentle but thorough resuspension and monolayer rinsing. A reference sample of 10 lL was taken for cell counting. Culture media supernatant was aliquoted and promptly stored at À80°C for cytokine analysis. PBMC pellets were promptly snap frozen and stored at À80°C for later RNA preparation. TCam-2 cells were washed with serum-free RPMI1640 three times to release remaining PBMC and other loosely adherent cells ( Figure S1 ), then recovered by incubation in pre-warmed 0.1% trypsin (2.5% v/v Trypsin, Gibco; diluted to 0.1% v/v with versene). TCam-2 cell pellets were promptly stored at À80°C for later RNA preparation. For assessing the purity of TCam-2 cell fractions post-co-culture, RT-qPCR using a common immune cell-specific marker, namely, CD45/PTPRC ( Figure S1 ) as well as flow cytometry (data not shown) was used. Evaluations indicated satisfyingly, highly pure cell fractions after co-culture and subsequent cell separation.
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Reverse transcriptase PCR (RT-PCR)
Total RNA was extracted from cultured PBMC and TCam-2 cells using TRIzol (TRIzol Reagent, Ambion, Austin, TX, USA) and treated with a DNase I kit (Ambion), according to the manufacturer's protocol. Each cDNA synthesis was performed in a 20 lL reaction with 500 ng DNA-free total RNA, 200 U SuperScript â III reverse transcriptase (Life Technologies, Grand
Island, NY, USA), 20 lg random hexamer primers (Promega by Applied Biosytems, Foster City, CA, USA) and 10 mM dNTP mix (Life Technologies) according to the manufacturers' guidelines. Negative control reverse transcription samples lacking reverse transcriptase (RT) were included. An RT-PCR of all RT+ and RTsamples was performed using primers specific for 60S ribosomal protein, large, P0 (RPLP0, endogenous control; for 5 0 -GCGTCCTCGTGGAAGTGACA-3 0 , rev 5 0 -CCTGTCTTCCCTGGGC ATCA-3 0 , designed by P. Whiley, Monash University) to verify the effectiveness of the transcription reaction. Only RT+ samples were used in RT-qPCR analyses.
Quantitative real-time RT-PCR Q-PCR was performed on a 7900HT real-time system (Applied Biosystems, Gandel Charitable Trust Sequencing Centre, Monash Health Translation Precinct). Conditions were 1 cycle at 95°C for 10 min and 44 cycles at 95°C for 15 sec plus 60°C for 1 min. Each target for every sample was measured in technical triplicates and the results averaged. The cytokines analysed in this study can be grouped based on their main functional characteristics: pro-inflammatory (IL1B, IL6, TNFA), anti-inflammatory (TGFB1), T-helper cell type 1 specific (IFNG), chemokines (CXCL13, CCL5), a pan-lymphocyte marker (CD45/PTPRC) and a proliferation marker (KI67). Details of the target genes (TaqMan â Single Tube Gene Expression Assays, Life Technologies, Carlsbad, CA, USA) are summarized in Table S1 . All target gene expression measurements were normalized to beta-actin (ACTB) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression, with these serving as endogenous controls (EC). Relative gene expression was calculated using SDS v2.4 (Applied Biosystems).
mRNA expression levels are presented as either: (i) foldchange using the ddCT method, normalized to mono-cultured PBMC or mono-cultured TCam-2 cells, serving as control groups; or (ii) when normalization to control group was not possible, dCT values are shown as dCT = (Mean CT EC) -(Mean CT target gene). Unless otherwise indicated, the mean value of three biological replicates per group is presented for each experiment, thus each data point represents the mean value of three biological replicates.
ELISA analysis
Supernatant samples collected from culture wells were centrifuged 10 min. at 400 rcf to minimize the presence of contaminating cells or subcellular debris, aliquoted (300 lL) and stored promptly at À80°C. The OptEIA TM Human IL6 ELISA Set (BD Biosciences, San Diego, CA, USA) was used in this study, as follows. Ninety-six-well ELISA microplates (Polystyrene, Microlon 200, U-bottom, Greiner Bio-one, Monroe, NC, USA) were coated with IL6 capture antibody prepared in carbonate buffer at room temperature overnight. A standard curve was prepared using the supplied IL6 standard diluted to assess 2-300 pg IL6. Samples and standards were added at a volume of 100 lL/well in duplicate. The OD was measured using a Microplate ELISA reader (Labsystems Multiscan RC, Vantaa, Finland) using dual wavelengths (450 and 630 nm). The duplicate IL6 measurements for each sample were averaged.
Statistical analyses
With regards to RT-qPCR data, a one-way ANOVA on all dCT values was performed followed by a Tukey post hoc test for a-adjustment (SPSS 19.0, IBM, Armonk, New York, USA) (*p < 0.05, **p < 0.01, ***p < 0.001). With regards to ELISA analysis, a student's t-test for independent samples was used to compare the average OD values of the different study groups (SPSS 19.0, IBM, Armonk, New York, USA) (*p < 0.05, **p < 0.01, ***p < 0.001).
RESULTS
TCam-2 cells may support PBMC viability
RT-qPCR analysis using KI67 as a proliferation measure revealed significantly higher levels in co-cultured PBMC compared to mono-cultured controls (p < 0.05), indicating a direct and immediate effect of the co-culture environment on these cells. TCam-2 cells showed a significantly higher transcript level of KI67 than PBMC (p < 0.001), but in this case no differences between mono-cultured and co-cultured cells were observed (Fig. 1) .
PBMC cytokine transcript levels were unchanged after direct or indirect contact with TCam-2 cells indicating a lack of immune response
RT-qPCR analyses demonstrated that cytokine mRNA levels in PBMC remained unchanged irrespective of the type of 24-h co- Figure 1 Comparison of KI67 mRNA levels between mono-cultured (control) and co-cultured (co-culture) PBMC and TCam-2 cells (TCa). KI67 transcript levels were significantly lower in PBMC compared to TCam-2 cells. No significant differences were identified between different TCam-2 cell fractions. Significantly higher KI67 levels were recorded in co-cultured PBMC compared to mono-cultured controls. Data are presented in a Boxand-Whisker plot with minimum and maximum indicated and results are compiled as the Mean dCT of nine independent experiments, using seven different donors. Data were normalized to ACTB and GAPDH as endogenous controls.
culture set up performed (Fig. 2) . Neither after insert co-culture nor after PBMC were stimulated with PHA did the PBMC respond significantly to the co-localization with TCam-2 cells as assessed by a change in cytokine transcript levels (p > 0.05 in all conditions). Slight trends were observed with stimulated PBMC showing mildly elevated levels of IL1B, CXCL13 and IL6 following co-culture, but significant differences were not reached.
TCam-2 cells showed an immediate and robust increase in cytokine production only after direct contact with PBMC, indicating contact-dependent communication
TCam-2 cells co-cultured in direct contact with PBMC exhibited significantly higher transcript levels of IL1B, TNFA, TGFB1 and CCL5 when compared to mono-cultured controls (Fig. 3A , p < 0.001 for all factors, except TNFA [p < 0.01]). Compared to mono-cultured PBMC, IL6 mRNA levels were significantly higher in both mono-cultured and co-cultured TCam-2 cells (p < 0.001), but outcomes from these samples were not significantly different from each other (Fig. 3B) . Only after direct contact with PBMC was IFNG detected in TCam-2 cell fractions (Fig. 3B) . CXCL13 levels remained unchanged (Fig. 3A) . With the exception of IL6, all cytokines investigated were detected at significantly higher levels in mono-cultured PBMC in comparison to TCam-2 cells (Fig. 3A,B , p < 0.001).
TCam-2 responses determined by nature of contact with PBMC Co-culture of PBMC and TCam-2 cells separated by well inserts did not yield changes in TCam-2 cell cytokine mRNA levels (empty circles) compared to mono-cultured controls (cross, Fig. 4A,B) . Cytokine levels increased significantly after direct cell-to-cell co-culture with PBMC (filled circles, Fig. 4A ,B, p < 0.001) and were greater still after direct cell-to-cell co-culture with PHA-stimulated PBMC (squares, Fig. 4A,B) . In TCam-2 cell fractions, the IL6 transcript level was unchanged irrespective of culture conditions (Fig. 4B) , whereas IFNG was detected in TCam-2 cell fractions only after direct contact with PBMC (Fig. 4B ).
TCam-2 cells had high baseline IL6 transcript levels
The dCT values from RT-qPCR analyses allow a comparison between the baseline detection levels of cytokine transcripts in different total RNA samples. These values indicated that TCam-2 cells (squares) contained significantly lower levels of IL1B, TNFA, TGFB1, CXCL13 and CCL5 (Fig. 5A , p < 0.001) than did monocultured PBMC (circles) and mono-cultured, PHA-stimulated PBMC (triangles). Mono-cultured, PHA-activated PBMC had significantly higher IL1B, IL6 and IFNG transcript levels than mono-cultured PBMC and mono-cultured TCam-2 cells (Fig. 5A ,B, p < 0.001). IL6 was significantly higher expressed in mono-cultured TCam-2 cells compared to mono-cultured PBMC (Fig. 5B , p < 0.001). IFNG could not be detected in mono-cultured TCam-2 cells (Fig. 5B ).
ELISA analysis of IL6 protein in culture media reflected higher transcript levels in TCam-2 cells
Results from IL6 ELISA analyses were consistent with RTqPCR data, with significantly higher levels of IL6 detected in Figure 2 Comparison of PBMC key cytokine mRNA levels under different co-culture conditions using RT-qPCR. No significant changes in mRNA levels were identified after insert co-culture (○ empty circles, n = 3), direct cell-tocell co-culture (• filled circles, n = 9) or direct cell-to-cell co-culture using PHA-stimulated PBMC (□ squares, n = 3) compared to mono-cultured controls (cross). In 15 independent experiments, a total of 7 different donors was used, with 3 donors being used for insert co-culture, direct cell-to-cell co-culture and PHA-stimulated direct cell-to-cell co-cultures, allowing direct comparison. Data were normalized to ACTB, GAPDH and mono-cultured PBMC controls. Figure 3 Comparison of TCam-2 key cytokine mRNA levels after direct cell-to-cell co-culture using RT-qPCR (ND = not detectable). Significantly higher mRNA levels of IL1B, TNFA, TGFB1 and CCL5 were detectable following direct co-culture (A; striped, n = 9) compared to mono-culture (A; empty, n = 9). The mRNA levels in the mono-cultured PBMC controls were consistently and significantly higher (A). Surprisingly, IL6 mRNA levels were higher in TCam-2 cells compared to PBMC (B). IFNG mRNA was not detectable in mono-cultured cells, but was readily detected in co-cultured cells. Data are presented in a Box-and-Whisker plot with minimum and maximum indicated. In nine independent experiments, a total of seven different donors was used. Data were normalized to ACTB, GAPDH and mono-cultured PBMC controls.
766 Andrology, 2017, 5, 763-770 supernatants from mono-cultured TCam-2 cells (squares) compared to mono-cultured PBMC (circles) ( Fig. 6 ; p 0.002). The IL6 protein levels in supernatant from mono-cultured TCam-2 cells ranged from 39.6 to 90.3 pg/mL (median 49.8 pg/mL) and IL6 levels in mono-cultured PBMC media ranged from 2.4 to 56.7 pg/ mL (median 17.7 pg/mL).
DISCUSSION
The objective of this study was to evaluate the nature of the in vitro interactions between seminoma-like cells and immune cells, as this may be a key element among the multiple cellular relationships within in vivo seminomas. In general, delineation of the progressive and complex sets of molecular signals emanating from multiple cell types in a TME is crucial to understanding tumour aetiology and to broaden the possible spectrum of therapeutic options (Whiteside, 2008; Kami nska et al., 2015) . To investigate the signalling network present in TGCT, we developed a simplified in vitro TGCT model using two different cell types. The outcomes provide new mechanistic knowledge of in vitro testis cancer intercellular communication that may be transferable to respective in vivo circumstances, thus offering a platform for studies containing additional cell types to build a more authentic picture of in vitro TGCT. Immune cell and cancer cell fractions of the co-cultured setups were examined independently, by monitoring the changes in production of selected cytokines with known immunoregulatory properties. The results identified a pro-inflammatory cytokine expression profile that arose rapidly in these samples and that was similar to that present in ex vivo TGCT material (Klein et al., 2016) and implicated the seminoma-like TCam-2 cells as potent contributors to the cytokine milieu.
Previous examination of ex vivo human testicular biopsy samples revealed that the TME of TGCT is highly pro-inflammatory in nature, as a result of the presence of IL1B, IFNG, TNFA and especially IL6 (Bialas et al., 2009; Klein et al., 2016) . We identified a similar elevation in particular cytokines using this new in vitro co-culture model. However, remarkably, only the TCam-2 cells appeared to respond to the co-culture by rapidly increasing cytokine transcript levels, and this occurred only after direct contact with immune cells. In contrast, the immune cell fractions did not exhibit an obvious short-term response to the seminoma cell line, with these results being furthermore rather independent of potential inter-donor variation. These observations reveal the value of this in vitro experimental approach for revealing dynamic cellular interactions that implicate TCam-2 cell products in the development of the in vitro TME.
Despite their common research use and recognition as the singularly established seminoma cell line, TCam-2 cells are not equivalent to human in vivo testis cancer cells. However, many features characteristic of human TGCT are robustly expressed in the TCam-2 cell line, including expression of AP2c, OCT3/4, NANOG and others. The BRAF gene mutation (V600E) reported by one group in this line (De Jong et al., 2008) is not detected in the cells used for this study (Young et al., 2011) and is rarely observed in in vivo TGCT. We and others have used this cell line to document responses to cell signalling and microenvironments in vitro and in vivo (Young et al., 2011; Nettersheim et al., 2015 Nettersheim et al., , 2016 . Thus, despite the limitation of this study to a single cell line, the results generated using this in vitro model of TGCT have provided new mechanistic ideas concerning immune cell-cancer cell interactions within the testis that are suitable for further clarification and critical evaluation. The previously identified characteristics of ex vivo TGCT that comprise several different immune-stimulatory and immune cell-attracting cytokines (such as IL1B, IFNG, TNFA, CXCL13, CCL5; Klein et al., 2016) may likely lead to attraction and/or trapping of circulating immune cells at the (immune cell-favourable) tumour site. In line with this hypothesis, the in vitro TGCT model has revealed that the proliferative activity of immune cells is increased after co-localization with seminoma-like cells. This observation could be explained by an additional supply of growth factors necessary for immune cell maintenance provided by the co-localized TCam-2 cells. Despite the known differences between TCam-2 cells and human in vivo TGCT, these in vitro data suggest that the frequent presence of testicular tumour-infiltrating immune cells in GCNIS/seminoma may be a consequence of the biological features of these tumour cells.
Intriguingly, no rapid immunological activation of PBMC arising from contact with TCam-2 cells was measured after 24 h co-culture when using cytokine transcript profiling and morphological changes as readouts. Even PBMC pre-activation using a powerful mitogen, PHA (Movafagh et al., 2011) , to overcome the Figure 4 Comparison of key cytokine mRNA levels in TCam-2 cells in different co-culture conditions, measured using RT-qPCR. No significant differences in mRNA levels were identified after insert co-culture (○ empty circles, n = 3) compared to mono-cultured controls (cross). Significantly higher levels of IL1B, TNFA, TGFB1 and CCL5 transcripts were detectable after direct cell-to-cell co-culture (A; • filled circles, n = 9). Levels were even higher after direct cell-tocell co-culture with PHA-stimulated PBMC (A, B; □ squares, n = 3). IL6 mRNA levels were unchanged (B). The IFNG transcript was detectable in TCam-2 cells only after direct contact with PBMC (B). In 15 independent experiments, a total of 7 different donors was used, with 3 donors being used for insert co-culture, direct cell-to-cell co-culture and PHA-stimulated direct cell-to-cell co-culture, allowing direct comparison. Data were normalized to ACTB, GAPDH and mono-cultured TCam-2 cells controls.
potential for immune cell anergy (Alshaker & Matalka, 2011) , did not change the outcome. We propose that this in vitro finding may reflect the in vivo behaviour of infiltrating immune cells in TGCT. In TGCT, infiltrating immune cells are commonly observed at high numbers (Bols et al., 2000; Hadrup et al., 2006; Krege et al., 2008) , but their potential immunological activity is still largely unreported (Wei et al., 1992; Crespo et al., 2013) .
Except for one study that suggests that intratubular macrophages can potentially lyse intratubular GCNIS cells (Sch€ utte et al., 1988) , no obvious directed actions of immune cells against testicular cancer cells have yet been described. Our new observations lend support to the interpretation that these tumourinfiltrating immune cells do not function to actively attack cancer cells but are present as passive bystanders. Throughout coculture, TCam-2 cells reached similar total cell numbers after 24 h with or without PBMC, and no obvious changes in cell morphology were observed. More detailed experiments regarding the possible functional effects of immune cells on TCam-2 cells (such as migration, resistance to apoptosis, etc.) will be required to provide clear evidence and further insights. Nevertheless, a potential immunological ignorance or incapability of immune cells to fulfil their classical immunological functions at the tumour site has been described for other tumour types (Janeway et al., 2001) . Accordingly, the lack of changes in TCam-2 cell proliferation after contact with immune cells may indicate that this TGCT-derived, seminoma-like cell line has retained (or gained) essential immune-escape mechanisms. The important issue of whether testicular germ cell tumour cells in situ express MHC molecules that are crucial for (tumour-) immunogenicity, including appropriate recognition and response by immune cells, remains to be clarified (Grobholz et al., 2000; Foss, 2002; Hadrup et al., 2006) .
The comparison of results from direct cell-to-cell co-cultures with non-contact co-cultures permits distinction between the relative importance of paracrine and juxtacrine signalling for communication between immune and testis cancer cells. Commonly, in immune inflammatory circumstances, paracrine signalling is effected by soluble (secreted) cytokines which diffuse through the environment, as mimicked by co-culture using well inserts, whereas juxtacrine signalling requires direct contact between signalling and responding cells (Owen et al., 1999; Lodish et al., 2000; Alberts et al., 2002) , being especially involved in enabling local control of the microenvironment for highly specific signal delivery (Sp€ orri et al., 1996; Kelso, 2015; Kim et al., 2015) . In our experiments, the immediate, strong response of TCam-2 cells was measured only after direct contact with PBMC, indicating that juxtacrine signalling may be the key means of communication under in vitro circumstances..
Extrapolating to in vivo TGCT, our results lead us to propose that a direct interaction between testis cancer cells and immune cells may be the necessary stimulus for tumour progression and invasion, for example, development from GCNIS to seminoma, as a result of the substantial change in the complement of signalling moieties within the TME. This is supported by changes in cytokine transcript levels, which are low in early-stage carcinoma in situ samples that harbour few GCNIS-containing tubules and infiltrating immune cells, but are significantly elevated in severely progressed testis cancer samples (Klein et al., 2016) .
Interestingly, we observed that TCam-2 cells expressed significantly more IL6 than PBMC, measured both as mRNA and protein. The identification of TCam-2 cells as potent IL6-producing cells in vitro raises the question whether in vivo testicular cancer cells might be the driving source of IL6 to control surrounding cells and create a microenvironment favourable for tumour growth. In line with this, previous data identified significantly elevated IL6 transcript levels in samples containing only few Figure 5 Comparison of baseline levels of key cytokines in different co-culture components using RT-qPCR. Significantly lower signals were detected in TCam-2 cells (□ squares) compared to PBMC (○ circles) and to PHA-stimulated PBMC (D triangles) (A). IL6 detection levels were significantly higher in TCam 2 cells compared to PBMC (B) . No signal for the IFNG mRNA was detected in TCam-2 cells (B). Data were normalized to ACTB and GAPDH as endogenous controls. Figure 6 IL6 protein levels analysed in the supernatant of mono-cultured TCam-2 cells and mono-cultured PBMC. IL6 protein levels were higher in the supernatant of mono-cultured TCam-2 cells (□ squares, n = 12) compared to mono-cultured PBMC (○ circles, n = 11). Duplicates of each sample were analysed in the ELISA. Data are plotted as mean per sample, with the median per group presented. Significance was determined using a student's t-test.
768 Andrology, 2017, 5, 763-770 GCNIS-comprising seminiferous tubules (Klein et al., 2016) . It remains to be established whether seminoma cells in situ have a similar capacity for IL6 production at high levels as demonstrated here by TCam-2 cells.
The specific cell types within the TME that substantially contribute over time to establish the unique cancer environment remain to be identified. In this regard, establishment of a reporter assay based on detection of targets that are activated by these cell-cell interactions may provide a more direct, immediate readout over time on the cellular origin and consequences of certain cytokines of interest.
CONCLUSIONS
Our previous work has identified the ex vivo cytokine profile of TGCT to be pro-inflammatory in nature; we now demonstrate using an in vitro model which contains a highly similar milieu that the TME may considerably be influenced by the activity of the neoplastic cells. A pro-inflammatory environment in general is associated with the potential to increase metastatic activity and tumour progression (Tsai et al., 2014) . Our future work will examine in more detail the signalling molecules that comprise the testicular germ cell tumour microenvironment, including delineation of their site of synthesis and cellular targets, particularly in relationship with immune cells that are prevalent in this disease. Moreover, data from both ex vivo and in vitro studies suggest a major involvement of IL6 in testis cancer. In line with knowledge on ovarian, prostate and breast carcinoma, further investigation of IL6 in a clinical setting of testis cancer is warranted (Guo et al., 2012; Nagasaki et al., 2014) , to assess whether serum IL6 levels in testis cancer patients will give new prognostic or therapeutic information. Moreover, the observation that TCam-2 cells naturally produce high levels of IL6 was intriguing and provides incentive to determine the cellular sites of IL6 production in vivo.
